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ABSTRACT
The breakdown by soil microorganisms of enormous amounts of cellu­
lose synthesized by higher plants is a vital process of the carbon cycle 
Extensive use of organic herbicides in modern agriculture presents the 
danger of interference with this and other soil processes. This study 
was made to determine the effects of some of these chemical agents on 
cellulose decomposition by Sporocytophaga myxococcoides. a common cellu- 
lolytic soil bacterium.
A culture of j3. myxococcoides was isolated from decaying sugarcane 
residue by enrichment in filter paper-mineral salts medium and purified 
by selective heating and diluting. Another culture of this species 
(ATCC No. 10010) was purchased from the American Type Culture Collection 
Cellulose decomposition by the bacteria grown in acid-hydrolyzed 
cellulose medium was determined by quantitatively measuring total 
residual carbohydrate by anthrone reagent. When the cultures were 
grown in Whatman powdered cellulose medium, cellulose decomposition 
was determined primarily by filtering and weighing the residual cellu­
lose in Gooch Pyrex fritted-glass crucibles. Various concentrations 
of herbicides were added to the culture media in order to determine 
the effect of these agents on the growth and cellulolytic activity of 
the bacterial cultures.
Atrazine (2-chloro-4-ethylamino-isopropylamino-s-triazine),
Simazine (2-chloro-4,6-bis-(ethylamino)-s-triazine), Dacthal (dimethyl- 
2, 3,5,6-tetrachloro-terephthalate), and Diuron (3-(3,4-dichlorophenyl)- 
1,1-dimethyl urea), four herbicides of low solubility, even when added
in excess to cellulose liquid media did not prevent cellulose decomposi 
tion by the bacteria.
Amiben (3-amino-2,5-dichlorobenzoic acid) was somewhat inhibitory 
to the growth and cellulolytic activity of the bacteria at 48 ppm and 
strongly so at higher concentrations.
Banvel-D (2-methoxy-3,6-dichlorobenzoic acid), Banvel-T (2-methoxy 
3,5,6-trichlorobenzoic acid), and 2,3,6-TBA (2,3,6-trichlorobenzoic 
acid) exhibited no inhibition of the cultures at the highest recom­
mended field rate of application (15 ppm). Banvel-T at a concentration 
of 96 ppm, was the most inhibitory, delaying growth and cellulolytic 
activity for two to three days.
Dicryl (N-(3,4-dichlorophenyl) methacrylamide) which was soluble 
in water to only 10 ppm, delayed growth and cellulose decomposition by 
j3. myxococcoides for about 24 hours at 5 ppm. This herbicide is used 
at field rates no higher than 1.5 ppm and no residual effect has been 
noted. Therefore, the inhibition exhibited at 5 ppm was probably not 
significant.
Maleic hydrazide (MH-30, the diethanolamine salt of 1,2- 
dihydropyridazine-3,6-dione) was only slightly inhibitory at approxi­
mately 200 ppm, a concentration many times greater than the ordinary 
application rate of 2 ppm.
Stam F-34 (3,4-dichloro-propionanilide) exhibited some inhibition 
of growth and cellulolytic activity at 5 ppm and strong inhibition at 
50 ppm. Both concentrations were well above normal field rates of 
application.
Zytron (0-(2,4-dichlorophenyl)-O-methyl-isopropyl-phosphoramido- 
thioate) prevented growth of the organism at 2 ppm, a concentration 
commonly used for field application of herbicides. This herbicide 
was the most inhibitory compound used in this study.
Folex (tributyl phosphorotrithioite) at 10 ppm somewhat slowed 
cellulose decomposition by the organism. The concentration was 10 
times greater than the recommended field rate of application.
Fenac (2,3,6-trichlorophenyl acetic acid) at 5 ppm retarded 
cellulose decomposition. This compound is used at much lower rates 
(1 to 1.5 ppm) in the field and is known to be attacked readily by soil 
microorganisms.
Dalapon (2,2-dichloropropionic acid) is used commercially at a 
maximum concentration of 25 ppm; it was only slightly inhibitory to 
.S. myxococcoides at 500 ppm.
Fenac and Dalapon are sometimes used together to control weeds. 
Data obtained in this study indicate that a certain amount of inter­
action that lessens inhibition of bacterial cellulose decomposition 
takes place between the two herbicides.
INTRODUCTION
Far from being a static mixture of various organic and inorganic 
materials, soil is an active, vital entity whose components are in a 
state of constant transformation in reaction to their environment. 
These transformations operate in cycles, of which the carbon cycle is 
one of the most important. Cellulose, a preeminent compound of this 
cycle, is formed through the photosynthetic processes of plants from 
carbon dioxide and water, and its ultimate catabolism to humus and 
carbon dioxide by soil microorganisms plays a major role in the con­
tinuance of the cycle. One-half to one-third of the weight of all 
plant residue is cellulose and, acting on it, soil bacteria liberate 
more carbon dioxide than all animals combined. Concomitantly the 
nutritional elements such as phosphorus, nitrogen, and potassium are 
released and made available to the new crop of plants. Cellulose 
decomposing power has long been considered a reliable index of soil 
fertility.
Every year the farmers of Louisiana plow great quantities of 
cellulose-containing material into their land. If the use of any of 
the modern agricultural chemicals, for instance, herbicides, were to 
interfere with its decomposition, a serious loss of fertility could 
result.
Among the most numerous mesophilic, aerobic soil bacteria 
possessing cellulolytic properties are the cytophagas, consisting 
of the genera Cytophaga and Sporocytophaga. Members of the latter 
genus are known to be abundant in local soils.
The purpose of this study was to investigate (i) the methods 
for the isolation and propagation of members of the genus Sporocytophaga, 
(ii) the qualitative and quantitative determination of their cellulolytic 
activity, and (iii) the effects of herbicides on this activity.
REVIEW OF LITERATURE
The role of cellulose in the soil
Siu (1951) pointed out that were it not for the delicate balance 
in nature between the elaboration and breakdown of carbon compounds, 
life as we know it might well be limited to a definite period. He 
stressed the idea that cellulose decomposing microorganisms are dis­
tinctly beneficial to man because they constitute one of the necessary 
links in the carbon cycle which is vital to all life. In the degrada­
tion of cellulose in the soil by microorganisms, manure and vegetable 
matter are transformed into complex mixtures (humus) which play an 
important role in soil fertility and conservation. In addition, the 
nutritional elements phosphorus, nitrogen, and potassium are released 
from the tissues of plant residues and are incorporated into soil matter 
where they are available to a new crop of plants. In these processes, 
soil aerability, friability, and moisture holding ability are also 
greatly improved.
Waksman (1927, 1940) stated that most of the cellulose synthe­
sized by plants is left on the land as waste. It is decomposed by soil 
microorganisms attacking it either directly or after it has passed 
through the digestive system of animals. Humus is derived, in part, 
from the substances synthesized by the microorganisms responsible for 
this catabolism of cellulose.
Realizing the tremendous importance of the breakdown of cellulose 
in soil, Christensen (1910) first suggested that the cellulose decompos­
ing power of soil could be used as an index of fertility. He found
that the amount of cellulose decomposed was governed primarily by the 
available nitrogen and phosphorus in the soil. The specificity of the 
microbial flora was secondary.
Nlklewski (1912) added cellulose to soil and measured the carbon 
dioxide produced. He also found that cellulose decomposition was con­
trolled chiefly by the presence of available nitrogen and, in addition, 
found that excessive additions of cellulose to soil rapidly exhausted 
the supply of nitrogen. The addition of inorganic salts of nitrogen 
prevented this injurious effect and hastened the rate of cellulose 
decomposition with the result that it became an important source of 
soil humus.
Waksman and Heukelekian (1924) and Waksman and Starkey (1924) 
concluded that the determination of the power of soil to decompose 
cellulose yielded information on the microbial condition of the soil 
as well as on its available nitrogen and phosphate. They found the 
ratio between the amount of cellulose decomposed and the amount of 
nitrogen assimilated to be about 30:1 in the case of pure cultures of 
fungi and aerobic bacteria. In the soil itself, when the cells of the 
microorganisms freshly synthesized are constantly decomposed by other 
organisms, the ratio is 50-60:1. Jensen (1931) reported similar 
figures of 25-54:1 for both bacteria and fungi.
White, Holben, and Jeffries (1934) found that when they added 
soluble nitrogen to untreated soils or to soils treated with organic 
materials, carbon dioxide production was increased, but additional 
nitrogen failed to restore the activity of acid soils compared with 
very slightly alkaline soils. The addition of dipotassium phosphate
did not increase carbon dioxide output in any of their six test soils. 
Addition of cellulose and nitrogen to limed soils markedly increased 
carbon dioxide evolution.
White, Holben, Jeffries, and Richer (1949) reported a highly 
significant correlation between crop yields and microbial activity as 
measured by cellulose decomposing power and nitrifying capacity.
In 1924, Waksman and Heukelekian reported finding no correlation 
between soil reaction and cellulose decomposing power, explaining that 
fungi, which take an active part in decomposition of cellulose, will 
thrive even in the most acid soils. In their 1934 report, White and 
his associates disagreed, stating that they found close correlation 
between the, reaction of six soils and their respiratory capacity and 
organic matter decomposing power. In 1949, White and his group, 
reported significant correlation between reaction and cellulose decom­
posing power of laboratory soils with maximum decomposition at pH 7.2. 
They failed to find significant correlation between reaction and 
cellulose decomposing power of Jordan field plot soil. They did report 
significant correlation between cellulose decomposing power and organic 
content and between cellulose decomposing power and nitrifying capacity.
Quantitative determination of microbial action on cellulose
Direct weighing in Gooch crucibles. According to Waksman and 
Heukelekian (1924), Charpentier (1920, 1921) developed the first 
adequate method for the quantitative determination of cellulose in soil. 
In this method, soil previously treated with finely divided cellulose 
was dissolved in Schweitzer's reagent and filtered through a Gooch 
crucible. The cellulose was precipitated from the filtrate with alcohol
and again filtered through a tared Gooch crucible where it was washed 
with (1) 1 per cent hydrochloric acid, (2) distilled water, (3) 2 per 
cent potassium hydroxide, (4) distilled water, (5) dilute hydrochloric 
acid, (6) distilled water, (7) alcohol, and finally (8) ether. The 
cellulose was then dried at 100° to 110° C to constant weight, burned 
off, and the crucible reweighed.
A similar method, described as a modification of the method of 
Bergtsson (1925), was used by Fahraeus (1947). He explained that the 
acid was used in the washing to remove the undissolved salts and to 
flocculate the mucilage formed by the Cytophaga cultures. The alkali 
brought about complete dissolution and elimination of the mucilage, 
while the alcohol removed the yellow pigment and the water from the 
cellulose. The ether treatment promoted rapid drying. He stated that 
the residual cellulose, determined in this way, corresponds to the 
real residue from a chemical point of view. He demonstrated that the 
possible presence of small amounts of bacterial cells and metabolic 
products gave an error of less than 1 per cent of the weight of the 
cellulose. An accuracy in weighing of 1 mg was considered sufficient.
Fuller and Norman (1943b) recovered residual cellulose by centri­
fugation. After washing with distilled water, they treated the material 
with cold 0.1 per cent sodium carbonate solution to remove bacterial gum, 
then washed with distilled water, 1 per cent acetic acid, and again
with water. At this point they removed the residual cellulose to a
Gooch crucible where they removed the excess water with 95 per cent 
alcohol and dried at 90° C to constant weight.
Reese (1947) added 1 N potassium hydroxide to his cellulose medium
and autoclaved it for 15 minutes to destroy the mucilaginous material
synthesized by cellulose decomposing bacteria. After this treatment, 
the medium was filtered hot through Gooch crucibles, washed with dis­
tilled water, dried at 102° C for 16 hours, cooled, and weighed. The 
crucibles were then ignited in a muffle furnace and reweighed.
Youatt (1960) treated cellulose suspensions with sodium hydroxide, 
collected the cellulose on sintered glass crucibles, washed it well 
with water, and dried it at 105° C for 2 hours before cooling and 
weighing. Walseth (1952) used a very similar technique.
Use of anthrone reagent for determining total carbohydrates. 
Dreywood (1946) first reported the use of anthrone in concentrated sul­
furic acid for the qualitative detection of carbohydrates. He found 
that 18 carbohydrate materials, including cellulose and several of its 
derivatives, gave a positive test (green color) with 0.2 per cent 
anthrone solution, whereas noncarbohydrates (noncellulose synthetic 
resins, organic acids, aldehydes, phenols, fats, terpenes, alkaloids, 
proteins) gave a negative test. He felt that the heat generated in 
the reaction was essential to its mechanism.
Morse (1947) utilized anthrone reagent for estimating low con­
centrations (10 to 250 ppm) of sucrose. He mixed 3 ml of a 0.05 per 
cent solution of anthrone in concentrated sulfuric acid with 2 ml of 
an aqueous test- solution in a 15 x 125 mm Pyrex test tube. Distilled 
water served as a blank and a white light photoelectric colorimeter 
("Lumetron”) was used to determine per cent transmittance. Results 
were compared with a standard sucrose curve. He reported that im­
purities commonly present did not seriously interfere with the test.
He suggested that fresh reagent be made up every 3 to 4 days since 
anthranol, the tautomer of anthrone, slowly forms in the reagent
solution upon standing.
Morris (1948) worked out a general procedure for the quantitative 
determination of carbohydrates. He used the 0.2 per cent anthrone 
solution in the 95 per cent sulfuric acid utilized by Dreywood (1947) 
and determined per cent transmittance in a photometer at wavelenghts 
of 540 mu and 620 mu. Beer’s law is followed at both, but the latter 
was the wavelength of greater sensitivity. At 660 mu Beer’s law was 
not followed.
Sattler and Zerban (1948) studied the anthrone reagent-carbohy- 
drate reaction and concluded that carbohydrates were first dehydrated 
to hydroxyaldehydes and then further dehydrated to hydroxymethyl-fur­
fural which reacted with anthrone to give the green color.
Viles and Silverman (1949) recommended the use of 0.1 to 0.16 per 
cent anthrone solutions in concentrated sulfuric acid and suggested 
that the reagent should be allowed to stand at room temperature for a 
minimum of 4 hours before use. They also developed a procedure for 
the quantitative determination of cellulose and starch.
Seifter, Dayton, Novic, and Muntroyler (1950) adapted anthrone 
reagent for the direct determination of glycogen in animal tissues, 
although some interference from tissue components was noted.
McCready, Guggolz, Silviera, and Owens (1950) developed an 
anthrone procedure for determination of starch and amylose in vege­
tables which called for the test solution-anthrone reagent mixture to 
be heated for 7.5 minutes at 100° C. They also recommended a wave­
length of 630 mu for determining the. color intensities.
Zipf and Waldo (1952) reported an anthrone method for determining 
blood glucose which they felt could be used routinely in place of the
more conventional Folin-Wu copper-reduction method and the Somogyi and 
Kingsley method. Their study confirmed earlier findings (Sattler and 
Zerban, 1948) on the mechanisms of the reaction, but reported that the 
highly reactive enol tautomer of anthrone, anthranol, condensed with 
the carbohydrate-furfural derivative to form the green color.
Loewus (1952) added 0.5 ml of a solution of anthrone in ethyl 
acetate to 2 ml of aqueous carbohydrate solution. Five ml of concen­
trated sulfuric acid were layered into the reaction tube and then 
mixed.
Koehler (1952) agreed with McCready and his associates (1950) 
that heating the reaction tubes in a boiling water bath was essential, 
but he also stoppered the tubes during this treatment. This method 
was used by Markus (1955) who studied cellulose decomposition by plac­
ing cellophane strips of known weight in soil and manure. After varying 
periods of incubation, the strips were dissolved in 60 per cent sulfuric 
acid. Residual cellulose was determined by the anthrone reagent.
Dimler, Schaeffer, Wise, and Rist (1952) utilized in their pro­
cedure both layering the anthrone reagent under the aqueous test 
solution before mixing-and heating in a boiling water bath for 10 
minutes.
To determine sugar in blood and spinal fluid, Roe (1955) used a
0.05 per cent anthrone solution in 66 per cent sulfuric acid to which 
he added 1 per cent thiourea as a preservative. Heating in a boiling 
water bath for 15 minutes was also used and, after cooling in tap 
water, the reaction tubes were allowed to stand 20 to 30 minutes in 
the dark before determining color intensity at 620 mu. He reported a 
3 per cent deviation from the theoretical Beer's law value for 300 ug
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of glucose, and an 8 per cent deviation for 400 ug.
Pelczar, Hansen, and Konetzka (1955) recommended use of the- 0.2 
per cent anthrone solution in 95 per cent sulfuric -acid without layer­
ing before mixing and without heating beyond that occurring naturally.
Dubois, Tilles, Hamilton, and Rebers (1956) tested anthrone for 
use in conjunction with chromatographic procedures and reported that 
residual solvent developer renders the reagent useless for sugar deter­
minations. Phenol was found to interfere with the green color produced 
by anthrone. These investigators concluded that anthrone was too 
expensive and unstable in solution for their work. They also stated 
that anthrone was satisfactory for free sugars and their glycosides 
but of limited use for methylated sugars and their pentoses.
Methods involying measurement of respiration. Waksman and 
Starkey (1924) determined the amounts of carbon dioxide produced by 
soil with and without added organic matter in order to grade soils on 
the basis of fertility, numbers of organisms present, and extent of 
nitrification taking place. In their method, carbon dioxide-free air 
was drawn through the reaction flask and the carbon dioxide produced 
was trapped in a Truog absorption tower containing a barium hydroxide 
solution. The subsequent excess barium hydroxide was titrated with 
oxalic acid using phenolphthalein as the indicator. Dubos (1928a) also 
used this method to measure the rate of carbon dioxide evolution by 
cellulolytic bacteria in soil.
Klemme (1942) measured oxygen absorption during the growth of 
Chaetomium globosum on cotton fiber and yarn in a Warburg respirometer. 
Daily recordings were made throughout the 28-day incubation period.
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Stainer (1942a) also used the Warburg apparatus to measure oxygen 
uptake by cells of Cytophaga hutchinsonii respiring on cellobiose, 
glucose, and precipitated cellulose. The cells were grown on a shaker 
in mineral salts solution containing precipitated cellulose. Finding 
it impossible to separate the cells from the liquid by centrifugation, 
he centrifuged lightly to remove unattacked cellulose particles and 
used the resulting cell suspension in the Warburg vessels.
Mandels and Siu (1950) and Siu and Mandels (1950) measured oxygen 
uptake rather than carbon dioxide evolution by fungal cells because 
the latter determination took more complex apparatus and was harder to 
manipulate by relatively untrained technicians. They also found the 
Warburg apparatus impractical for the 48-hour period of their experi­
ments due to the large thermobarometer corrections necessary and the 
more precise temperature control required. They developed a method 
which utilized standard Barcroft-Haldane differential manometers to 
which they connected two 250 ml Erlenmeyer flasks as reaction vessels. 
With this apparatus they determined the cumulative respiration (oxygen 
uptake) of fungal cells growing on filter paper laid on mineral salts 
agar.
Other methods. Siu (1951) discussed a procedure for the quanti­
tative estimation of the decomposition which involved the decrease in 
breaking strength of degraded cloth strips in the presence of mineral 
salts solution. The loss in weight was obtained by conversion factors 
linking strength loss to weight loss.
Another method was reported by Youatt (1960) in which the culture 
was centrifuged, the supernatant fluid removed, and the residue treated 
with 10 ml of 17.5 per cent sodium hydroxide. After standing at room
temperature for 30 minutes, the contents were centrifuged, washed with 
water, and dissolved in 15 ml of 72 per cent sulfuric acid. Then, 10 
ml of 10 per cent potassium dichromate were added and heat was applied 
for 20 minutes at 80° C. After cooling, the excess dichromate was 
titrated with ferrous ammonium sulfate.
Walseth (1952) described what he called the moisture regain method 
After the cellulose residue from an enzymatic treatment had been 
filtered on a Pyrex fritted-glass crucible and thoroughly washed with 
water, it was dried with acetone. The residue was then stored over 
sulfuric acid for 24 hours. The crucibles containing the cellulose 
were exposed to the controlled atmosphere until the cellulose had 
attained constant weight. It was then dried in a vacuum oven at 50° C 
and reweighed. The equilibrium moisture content of the conditioned 
cellulose was calculated as the percentage of the air-dry weight.
Cellulolytic microorganisms
Microbial decomposition of cellulose has been observed and 
studied, in the modern scientific sense, for over 100 years. Most 
investigators (Fahraeus, 1947; Siu, 1951) now conventionally divide 
cellulolytic microorganisms into three types; the anaerobes, the 
thermophiles, and the aerobes. There is considerable overlapping among 
these general groups.
Waksman (1940) felt that many early workers failed to differentiat 
between true cellulose and the organisms decomposing it, and other 
carbohydrates comprising starches, hemicelluloses, polyuronides, and 
other related compounds, and their microbial destroyers. He made the 
following classification of cellulose decomposers;
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1) Cellulose decomposition in growing plants: plant pathogens, 
lower filamentous fungi, and fleshy fungi.
2) Microorganisms in digestive tracts of insects and higher 
animals: anaerobic bacteria, protozoa, and some aerobic bacteria.
3) Microbes in sewage and garbage. Sewage: aerobic and 
anaerobic bacteria, some actinomycetes and lower fungi.
4) Soils and composts: fungi, bacteria, actinomycetes, and 
invertebrate animals.
5) Peat bogs: anaerobic bacteria plus some aerobic forms.
6) Oceans and rivers: aerobic organisms.
7) Timbers, paper pulp, and textiles: lower and higher fungi, 
actinomycetes, aerobic bacteria, and invertebrates (termites, ship- 
worms).
8) Certain industries and foodstuffs: anaerobic bacteria and
fungi.
Janke (1949) presented a comprehensive review of cellulose decom­
posing microorganisms. His basic outline will be followed in this 
discussion.
A. Anaerobic cellulose decomposers.
1) Cellulose decomposition by anaerobic sporeformers.
a) Mesophiles. Hungate (1950) described these members 
of the genus Clostridium as Gram-negative curved rods with terminal 
spherical spores. Some have terminal oval spores and a few are Gram- 
positive.
b) Thermophiles. McBee (1950) stated that all thermo­
philic anaerobic sporeforming cellulolytic bacteria may be classified 
as strains of Clostridium thermocellum Viljoen, et al., (1926). The
14
rods are straight or slightly curved, 0.5 to 0.7 u by 2.5 to 3.5 u.
They usually occur as individuals or in short chains, although long 
filamentous chains may be found in the fluid media during the period 
of most active growth.
2) Cellulose decomposition by anaerobic nonsporeformers.
These organisms are found in the digestive tract of ruminants.
Sijpesteijn (1948) suggested the genera Ruminococcus and Ruminobacter 
for them. Hungate (1946b) isolated similar organisms from the bovine 
rumen. He described a nonsporeforming rod, Bacteroides succinogenes 
sp. n. (Breed, Murray, and Smith, 1957) as very small (0.3 to 0.4 u 
by 1.0 to 2.0 u) slightly curved, Gram-negative, and sometimes staining 
unevenly. Motility was questionable, but often seemed to resemble the 
creeping motility of Sporocytophaga (Stainer, 1940).
Hungate (1946b) also isolated and described two different cocci, 
one colorless and the other yellow. The former was reported to be the 
most numerous cellulolytic bacterium in the bovine rumen. Janke (1949) 
considered some Vibrio as belonging to this group.
3) Cellulose decomposition by an anaerobic actinomycete. 
Hungate (1946a) reported anaerobic cellulose decomposition
by Micromonospora propionici sp. n.
B . Aerobic cellulolytic Schizomycetes
1) Aerobic cellulose decomposing eubacteria.
a) Cocci. Merker (1912) reported the isolation of two 
aerobic cocci (Micrococcus cytophagus sp. n., M. melanocyclus sp. n.) 
from leaves of Elodea. Stanier (1942a) felt that M. cytophagus 
actually may have been microcysts of Sporocytophaga.
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b) Nonsporeforming rods. Fuller and Norman (1943a) de­
scribed four species of nonsporeforming, aerobic, cellulolytic bacteria. 
Three were species of Pseudomonas (P. ephemerocyanea, P. lasia3 and P. 
erythra) and one was Achromobacter picrum. The genus Cellulomonas 
Bergey, et al., 1923, emend. Clark, 1952, was described by Kellerman 
and his associates (Kellerman and McBeth, 1912; Kellerman, McBeth, 
Scales, and Smith, 1913; McBeth, 1916) and Sanborn (1926b).
Also in this category is Bacterium ferrugineum Rullman, 1898 
(cf. van Xterson, 1904). Bojanovsky (1933) described a short rod which 
he isolated on silica gel medium.
c) Spirillae. Vibrio are short curved rods occurring 
singly or entwined with each other. Kalnins (1930) isolated and de­
scribed twelve cellulolytic vibrios, the best known of which are:
Vibrio perimastrix Alarie (1945) (cf. Perlin and Michaelis, 1946), 
which attacks cellulose only in the presence of carbon dioxide, Vibrio 
amylocella Gray (1939a,b) which also utilizes starch and glucose, and 
Vibrio hyperion, isolated from Quebec soil (cf. Alarie and Gray, 1947).
Cellvibrio Winogradsky (1927, 1929, 1932) (cf. also Gray and 
Chalmers, 1924; Stapp and Bortels, 1934; Imsenecki, 1938; Itano and 
Arakawa, 1931) are long slender rods, slightly curved with rounded ends, 
showing deeply stained granules, 0.3 by 2.9 to 4.0 u, and Gram-negative. 
Most species form a yellow to brown pigment in the presence of cellulose 
or on starch agar. Many involution forms are seen, especially when 
grown in liquid media.
Cellfalcicula Winogradsky (1929) are short rods, often spindle or 
sickle-shaped, up to 2 u long with pointed ends. They contain meta- 
chromatic granules, are monotrichous, Gram-negative, and are coccoid in
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in old cultures. Their optimum temperature is 20° C.
d) Bacillus spp.
Thermophiles. McBeth (1916) described Bacillus 
imminutis which grows only in the presence of cellulose. Other similar 
thermophilic bacilli reported were B. thermocellulolyticus (Coolhaas, 
1928), B. thermofibrincolus (Simola, 1931a). Murray (1942) also de­
scribed cellulose decomposition by thermophilic aerobes.
Mesophiles. The mesophilic cellulolytic bacilli de­
scribed are Bacillus albus (Sack, 1924), B. festinus (McBeth, 1916), 
the slime-producing Cellulobacillus mucosus and the non-slime-producing 
(3. myxogenes (Simola, 1931a, 1932), B. aporrhoeus (Fuller and Norman, 
1943a) and B. vagans (Alarie and Gray, 1947).
e) Corynebacterium spp. According to Jensen (1934,
1940) the cellulolytic members of this genus are "diphtheroid" in 
appearance with a Gram-variable reaction. C. fimi (B. fimi, McBeth 
and Scales, 1913a,b) is a small straight rod, 0.4 to 0.5 by 1.2 to 2.5
u. Many longer, irregular curved, club-shaped, and branching cells 
grown on glucose agar cause rapid disintegradation of filter paper in 
a 0.5 per cent peptone solution (Siu, 1951).
2) Cellulose decomposing myxobacteria.
a) The cytophagas. The first discovery of aerobic, 
mesophilic cellulose decomposition by bacteria and fungi was credited 
to van Iterson (1904), who described a nonsporeforming bacterium,
Bacillus ferrugineus. This organism and those reported by Merker (1912), 
Mutterlein (1913), and Bojanovsky (1925) were probably cytophagas, but 
their cultures were undoubtedly contaminated and the incomplete descrip­
tion left the issue in doubt.
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Hutchinson and Clayton (1919) described Spirochaeta cytophaga 
and presented evidence that the spherical cells present in some older 
cultures represented a stage in the life cycle of the bacteria, and 
were not mere contaminants. They further asserted that only cellulose 
served as a carbon source for this organism; the soluble carbohy­
drates being toxic.
• •Lohnis and Lochhead (1923) described the isolation of the same 
organism from the soil, and Waksman and Carey (1926) and Winogradsky 
(1929) isolated the organism on silica gel from manure and straw in 
soil.
Winogradsky (1929, 1932) did not agree with Hutchinson and 
Clayton's assertion concerning the role of the "sporoids" in S>. 
cytophaga, and Waksman (1932) stated, "More recent investigations 
established the fact that the spherical body is not a stage in the life 
cycle of the organism, but merely a contaminant." Krzemieniewska 
(1930, 1933) showed that two strains of this organism existed, one 
possessing the sporoids or microcysts, and one not possessing them.
Many other investigators substantiated this view;(Stapp and Bortels,
1934; Imsenecki and Solnceva, 1936; Jensen, 1940; Stanier, 1940, 1942a; 
Fuller and Norman, 1943).
Winogradsky (1929) also considered j5. cytophaga more closely re­
lated to the myxobacteria than to eubacteria due to its flexibility 
and creeping motility. Thus he suggested a new name, Cytophaga 
hutchinsonii, for the bacterium. Stanier (1940, 1942a) suggested that 
the amicrocystogenous strains of C. hutchinsonii be placed in a new 
family, Cytophagaceae, under the order Myxobacterales. Cytophaga 
hutchinsonii was named as the type species. Further, the microcystogenous
strains were placed in the family Myxococcaceae under a new genus, 
Sporocytophaga, with the type species S!. myxococcoides.
Imsenecki and Solnceva (1945) suggested a new family, Promyxo- 
bacteria, to include both the genera Cytophaga and Sporocytophaga. 
Tohan, Pochon, and Prevot (1948) recommended the creation of a new 
order, Asporangiales, for nonsporeforming bacteria.
Stanier (1940, 1942c) disproved the idea that soluble carbo­
hydrates were toxic to cytophagas by showing that they could be grown 
in a mineral salts medium containing filtered glucose. He explained 
that autoclaved simple sugars contained some substances toxic to the 
bacteria. Abrams (1950) reported that a decrease of cellulolytic 
activity in the presence of simple sugars was due to preferential 
metabolism of them by the organism rather than toxicity.
Bergey's Manual (Breed, et al., 1957) listed 11 species of 
Cytophaga and mentioned 14 others whose classification had not been 
. established. Three species of Sporocytophaga were recognized and the 
following description of Sporocytophaga myxococcoides (Krzemieniewska 
1933) Stanier, 1940, was given.
Vegetative cells: Flexible, singly occurring rods 0.3
to 0.4 by 2.5 to 8.0 microns. Gram-negative. Young cells 
stain uniformly with basic dyes, but with onset of microcyst 
formation, chromatin becomes concentrated in central bands 
or spots in the shortening rods.
Microcysts: Spherical, varying in size from 1.2 to 1.6
microns. Surrounded by a highly refractile wall.
Produces glistening, light yellow patches on filter 
paper-silica gel or -agar plates after 4 to 5 days. The 
central areas gradually become translucent owing to com­
plete destruction of the cellulose. Old cultures assume a 
brownish tinge.
On mineral glucose agar plates, colonies are small, 
pale yellow and translucent; they may be round with even 
edges or flat and irregular. The agar under the colony be­
comes etched and sunken.
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Cellulose, cellobiose and glucose are utilized. Man- 
nose utilized by some strains (Kaars Sijpestein and Fahraeus, 
Jour. Gen. Microbiol., 3, 1947, 232). Xylose, arabinose, 
galactose, fructose, mannitol and starch not utilized.
Ammonia, nitrate, urea, peptone and yeast extract can 
serve as nitrogen sources.
Catalase-positive.
Strictly aerobic.
Optimum temperature, 30° C.
Source: Isolated from soil.
Habitat: Soil. Decomposes cellulose.
The key to the species of genus Sporocytophaga is as follows:
I. Microcysts spherical.
A. Does not utilize starch. 1. j3. myxococcoides.
B. Utilizes starch. 2. j3. congregata.
II. Microcysts ellipsoidal. 3. jS. ellipsospora.
b) Other myxobacteria. Janke (1949) listed four other 
cellulolytic myxobacteria, Polyangium cellulosum, Sorangium cellulosum, 
Angiococcus cellulosum. and Itersonia ferruginia.
3) Actinomycetales
According to Waksman and Skinner (1926), actinomycetes seemed 
to be of subordinate significance in primary cellulose decomposition. 
Their role may be primarily the further breakdown of intermediates of 
the cellulose decomposition by anaerobic bacteria in soil.
Several cellulolytic Streptomycetaceae are known. In this family 
the vegetative mycelium does not fragment and the conidia are borne in
chains on aerial hyphae (Streptomyces Waksman and Henrici) or singly
on conidiophores (Micromonospora Orskov).
4) Spirochaetales
Prawazek (1931) reported the isolation of a cellulolytic 
spirochaete, Spirochaeta gramina Zuelzer, from rivers and marshes.
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G. Fungi
Fungi play a prominent role in aerobic cellulose decomposition 
and a very large number of different organisms representing every order 
were described by Siu (1951) and Janke (1949).
D. Protozoa
The hypermastigated flagellata, such as Joenia annectins 
(Goetsch, 1946) are the primary cellulolytic protozoa. Hungate (1942, 
1943) described four cellulolytic members of the genus Diplodinium.
Some workers asserted that apparent cellulose digestion by protozoa 
was, in reality, due to contaminanting bacteria (Janke, 1949).
Isolation and maintenance of Sporocytophaga
Most investigators (Dubos, 1927, 1928b; Gray, 1939a,b; Hutchinson 
and Clayton, 1919; Kalnins, 1930; McBeth and Scales, 1913a,b; Sen and 
Das-Gupta, 1920; van Iterson, 1904) used filter paper immersed in 
mineral salts solution as the first enrichment for cellulolytic bacteria. 
Their solutions ordinarily contained ammonium or nitrate ion as a 
nitrogen source and had neutral or slightly alkaline reactions. Soil 
or other material was inoculated into the container and, after incu­
bation, growth of aerobic bacteria was evidenced by the disintegration 
of the paper at the liquid-air interface. Successive transfers at the 
first sign of disintegration served for obtaining relatively pure 
cultures.
Mineral agar plating media containing some form of finely divided 
cellulose were used by many workers (Chace and Urlaub, 1942, Kellerman 
and McBeth, 1912; McBee, 1948) for the final purification of cultures of 
cellulolytic organisms.
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Kalnins (1930) and McBeth (1916) dissolved cellulose in cuprammo- 
nium hydroxide solution and reprecipitated it by the addition of hydro­
chloric acid. The resultant cellulose preparation was washed free of 
copper and chlorine and incorporated into mineral agar.
Scales (1916) used strong sulfuric acid to dissolve the cellulose 
and reprecipitated it with a large amount of cold water. He reported 
this method to be less time-consuming than the cuprammonium method and 
less likely to contain toxic substances, e. g ., copper ions. Sarkaria 
and Fazal-Ud-Din (1933) made improvements on Scales' sulfuric acid 
method which increased the yield.
Northrup (1919) dissolved cellulose in molten ferric chloride 
and, like Scales, precipitated the pure cellulose in water.
Fuller and Norman (1942) prepared water-insoluble dextrins, 25 
to 75 anhydroglucose units in chain lengths, by hydrolyzing cellulose 
in cold 72 per cent sulfuric acid and precipitating in cold water. 
Colonies of cellulolytic organisms growing on this mineral agar medium 
form clear halos and are thus easily recognized.
Hutchinson and Clayton (1919) and others (Boker, 1930, Imsenecki 
and Solnceva, 1936; Winogradsky, 1929) obtained poor results with 
cellulose-mineral agar media as did Dubos (1928b), who pointed out 
that in such media the cellulose particles gravitated to the bottom of 
the plate and were largely unavailable to aerobic bacteria.
Jensen (1940), Stanier (1942a), and Fahraeus (1947) recommended 
a low agar concentration (one per cent) so that the cellulose 
particles might be more evenly dispersed and the organisms might 
migrate towards them. They explained that the cytophagas and vibrios 
apparently must be in direct contact with the cellulose particles in
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order to attack them. Fahraeus (1947) brought out another reason for 
using low concentrations of agar with solid cellulose-mineral media.
He reported that agar contained an inhibitory substance removable only 
by exhaustive extraction with cold water. Also, media with low agar 
concentration did not dry out so readily on prolonged incubation.
Tetrault (1930a) preferred to pour a foundation layer of plain 
mineral agar without cellulose into the Petri dish and cover this 
with a thin layer of cellulose agar. The cellulose layer was then 
inoculated by parallel streaking with a straight wire.
Silica gel plates incorporating finely divided cellulose were 
used by many workers (Bojanovsky, 1925; Imsenecki and Solnceva, 1936; 
Kalnins, 1930; Loicjanskaja, 1937; Waksman and Skinner, 1926; 
Winogradsky, 1926, 1929). A simpler and less time-consuming silica 
gel technique was reported by Waksman and Carey (1926), but Kalnins 
(1930) and Stanier (1942a) maintained that the use of properly washed 
agar provided a base as selective as silica gel without its trouble­
some preparation.
Fahraeus (1947) reported that filter paper strips placed on the 
surface of mineral-agar or -silica gel were very useful for the 
propagation of aerobic cellulose digestors.
Rippel and Flehmig (1933) used plates containing pieces of clay 
for the isolation of an aerobic cellulose decomposer. Fahraeus (1947) 
reported the satisfactory isolation of Cytophaga by means of the sand- 
plate method of Krzemieniewska (1933).
Aschner (1937) and Goldzweig (1947) used the cellulose membrane 
produced by Acetobacter xylinum as the substrate for cellulose
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decomposing bacteria, while Dickerman and Starr (1951) used the similar 
membrane of A. xylinodes.
Sanborn (1927, 1928a,b) developed the China blue-aurin-cellulose 
medium for the physiological study of cellulose destroyers. A color 
change from red to blue by the indicator aided in the detection of 
cellulolytic bacteria.
Alarie and Gray (1947) and McBeth and Scales (1931a,b) used 
starch agar plates for the isolation of some cellulose decomposing 
bacteria which were able to grow on starch, while Hungate (1946b, 1950) 
and McBee (1948) preferred cellobiose agar. The objection to these 
carbon sources was, of course, that many non-cellulolytic organisms 
could utilize them and outgrow the desired cellulose digestors. Stanier 
(1942a) utilized cellulose agar plates for enrichment of cytophagas, 
and then streaked the cultures on filtered glucose mineral agar for 
final purification.
Another method widely used for purifying Sporocytophaga took 
advantage of the greater heat resistance of the microcysts. Some slight 
disagreement existed among the various investigators as to optimum time 
and temperatures of heating. Hutchinson and Clayton (1919) heated some 
of their cultures at 60° C for this purpose and Dubos (1928b) found 65°
C for five minutes to be satisfactory. Fahraeus (1947) reported heat­
ing at 56° C for ten minutes satisfactory for complete purification of 
Cytophaga and Sijpesteijn and Fahraeus (1949) heated Sporocytophaga 
myxococcoides cultures for ten minutes at 70° C to destroy contaminat­
ing rods. Imsenecki and Solnecva (1936) and Politi (1941) also used 
and recommended the heating method.
Siu (1951) and Stanier (1942a) reported that tubes of liquid media
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with strips of partially submerged filter paper were almost universally 
used for the maintenance of active stock cultures of cellulolytic 
bacteria.■ They stated that under room conditions, such cultures would 
remain viable for at least three months.
Although no report was found in the literature on other methods 
for preserving cellulolytic bacteria, specifically, it would seem to 
this writer that, because of microcysts, Sporocytophaga would lend 
itself to such preservation methods as freeze-drying, immersion in oil, 
and other similar methods.
Mechanism of bacterial cellulose degradation
The structure of cellulose. Fahraeus (1947) and Siu (1951) pre­
sented excellent descriptions of the cellulose molecule and the
structure of various cellulose fibers. Figure 1 represents the
conventional structure of a typical cellulose molecule (Siu, 1951). 
Cellulose is a polysaccharide made up of cellobiose units linked to­
gether by means of primary valences. Other polysaccharides, such as 
lignin, are usually intimately associated with cellulose in natural 
materials, although cotton and a few other fibers are relatively free 
of such substances. Estimates of the length of cellulose molecules are 
based on the degree of polymerization and vary from 2 to 5 u, with an 
estimated width of only 7.5 X.
The molecular chains are oriented into micelles, or crystalline 
structures, by secondary valences. These micelles, approximately 
60 x 600 X, are connected with each other through an irregular network 
of amorphous cellulose areas. There is also a continuous system of










substances. The micelles are, in turn, arranged in a system of fibrils 
which are wound about the axis of the fiber at an angle of about 30°.
The physical relationship of cytophagas to cellulose particles.
As has previously been stated (cf. p. 21), many reports indicated that 
cytophagas must be in close contact with cellulose in order to attack 
it. Fahraeus (1947) felt that the hydrolytic enzymes produced by these 
bacteria were perhaps not excreted into the medium, but possibly acted 
on or near the cell wall. Either that or the enzymes were produced in 
minute quantities’as required. Fahraeus (1947), Stanier (1942a), and 
Winogradsky (1929) demonstrated that the bacteria became regularly 
oriented parallel with the fibrillar structure of cellulose fibers and 
at an angle to the fiber axis. The particular morphology and mode of 
locomotion of these organisms is probably related to their ability for 
such orientation. The great flexibility of the vegetative cells un­
doubtedly aids them in the creation of a large contact surface which 
seems to be an important condition for an effective attack of the 
cellulose. Winogradsky suggested that Cytophaga possessed some sort 
of ,rhaustoriaH which served as locomotion organs and which might be 
able to enter the intermicellar spaces of the fibrils and bring about 
a most effective attack on the amorphous regions. The amorphous regions 
are probably attacked first, isolating the micelles, which are then 
more easily decomposed.
The products of cellulose decomposition and the enzymes involved.
A great variety of metabolic products of microbial cellulose 
decomposition were reported by Fahraeus (1947) and Siu (1951). Among 
them were carbon dioxide, volatile acids (formic, acetic, propionic,
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butyric acids), nonvolatile acids (lactic and other oxy-acids), 
ethanol, hydrogen, and methane. Walker and Warren (1938) listed, 
besides cellular substance, mucilaginous material and pigments. They 
reported that the yellow pigment of Cytophaga was alcohol-soluble and 
probably an unsaturated aliphatic acid, and definitely was not a 
carotenoid.
The mucilaginous material formed by cytophagas was the object 
of much study because of its relation to studies on the mechanism of 
cellulose decomposition. Winogradsky (192 9) reported that the muci­
lage formed was an acidic oxycellulose and proposed that it represented 
an initial stage of oxidative cellulose breakdown. Boswell (1941), 
Loicjanskaja (1937), and Walker and Warren (1938) supported 
Winogradsky's proposal by showing that the mucilage contained 
uronic acid units and was consequently of a polyglucuronic nature.
In this respect it agreed with chemically produced oxycellulose.
Simola (1931b) and Norman and Bartholomew (1940) presented 
evidence rejecting Winogradsky's theory of oxidative cellulose de­
composition, and Norman and Fuller (1942) suggested that the process 
was a hydrolytic one.
Norman and Bartholomew (1940) found that mucilage formed by 
several cellulolytic cytophagas and other bacteria contained uronic 
groups. Their evidence showed that polyuronides were wide-spread in 
the capsular substances of various bacteria.
Stanier (1942b, c) and Fahraeus (1944, 1947) compared the 
mucilaginous substances produced from cellulose and glycose by cyto­
phagas and found them to be identical. This demonstrated that the
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mucilage could be, and probably was, synthesized from low molecular 
weight substances and did not necessarily arise through direct oxi­
dation of cellulose.
The most probable metabolic end product of hydrolytic cellulose 
decomposition would be glucose. Stanier (1942c) proved that glucose 
was metabolized by cellulolytic cytophagas, lending credence to the 
hydrolytic theory. However, Pringsheim (1912), Kalnins (1930),
Simola (1931b), and Bucksteeg (1936) and others were unable to demon­
strate the accumulation of glucose in cultures actively decomposing 
cellulose.
Fahraeus (1947) made several unsuccessful attempts to prove that 
glucose was the final breakdown product. He tried sealing his culture 
flasks, adding toluene, incubating at above optimum temperatures, and 
combinations of these growth-affecting treatments to no avail. How­
ever, he was successful in demonstrating the production of glucose 
from lichenin and cellophane with crude cell-free enzymatic prepara­
tions .
The pathway of cellulose breakdown tentatively agreed upon by 
many workers began with the preliminary rupture of hydrogen bonds 
and van der Waal's forces with the formation of large cellulose 
molecules (Gilligan and Reese, 1954; Nickerson, 1956; Reese, 1956;
Reese and Levinson, 1952; Reese, Siu, and Levinson, 1950; Siu and 
Reese, 1953). Cellulase enzymes convert these molecules into long, 
water-soluble, B-1,4-anhydroglucose chains by phosphorolysis, hydrolysis, 
and oxidative cleavage. The action of polysaccharidases brings about 
the formation of cellobiose which might be hydrolyzed to glucose by
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extra-cellular B-glucosidases (cellobiase) or absorbed into the cell 
and converted to glucose. The glucose formed enters into the glucose 
•metabolic cycle of the cell.
The effect of herbicides on soil microorganisms
A great number of organic chemicals have been developed and put 
into extensive use for weed control since World War IX. Much re­
search has also been done to determine the effect of these herbicides 
on higher plants especially, and to a lesser extent, on soil micro­
organisms. Fletcher (1960) concluded that the great majority of 
herbicides apparently have little or no prolonged effect on the soil 
microflora. He felt, however, that new herbicides should be sub­
jected to preliminary testing, before marketing, as a safeguard 
.against possible detrimental effects on the vital functions of soil 
microorganisms.
Relatively few studies have been made on the effects of herbi­
cides on cellulose decomposition and the microorganisms responsible 
for it. Daste (1952) reported that the growth of Cytophaga hutchinsonii 
on filter paper-silica gel plates was stimulated by maleic hydrazide 
(MH) up to concentrations of 0.1 ppm. Inhibition became noticeable 
at 10 ppm and at 100 ppm there was strong inhibition.
Gray (1954) stated that benzenehexachloride (BHC) in soil did 
not appear to affect cellulolytic bacteria. It prevented the growth 
°f Cytophaga when in close contact with that species but had no effect 
on some other species.
In studying the effects of herbicides on soil microorganisms, 
many workers have determined carbon dioxide production, to which
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cellulose decomposition contributes very significantly. Other 
respiratory measurements have also been made as indicators of micro­
bial activity (Bondarenko, 1957; Chandra, Furtick, and Bollen, 1960; 
Colmer, 1954; Gamble, Mayhew, and Chappell, 1952; Hale, Hulcher, and 
Chappell, 1957; Ivarson and Pramer, 1956; Kratochvil, 1950, 1951; 
Newman, 1947; Stotsky, Martin, and Mortensen, 1956; Teater, Mortensen, 
and Pratt, 1958), Newman and Downing (1958) stated that the evolution 
of carbon dioxide from soils in the presence of herbicides may be used 
as a criterion of influence on the microbial population as a whole.
In some cases, normal applications of various herbicides were in­
hibitory to respiration, but in others, no effects were noted.or at 
the most there was a temporary inhibition. Thus, any marked effect 
on carbon dioxide production, caused by treatment of the soil with a 
herbicide, very likely represents to some degree, an effect on cellu- 
lolyt ic organisms.
Most workers are in general agreement that herbicides are 
inhibitory to the soil microflora. The degree of inhibition depends 
on many factors: the organism and the herbicide involved, the nutri­
tional and other environmental conditions, the method used to deter­
mine the toxicity, and the amount of toxic agent present. They note 
that results must be interpreted cautiously when rn vitro studies are 
carried out with pure cultures and on laboratory media, for the soil 
microflora are very much mixed cultures. The overall feeling is that 
the rate of application of most herbicides used in agriculture today
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Stock preparations and solutions
Mineral salts solutions. Dubos* (1928b) mineral salts solution
was used in some instances in media for the enrichment of cellulolytic






Distilled water 1000.0 ml
Reaction pH 7.5
Several of the media used in this study were made up with the 
mineral salts solution of Waksman and Carey (1926) as modified by 
Fahraeus (19&7).
(NH4) HPO, 2.5 g
KCl 0.5 g
MgS04*7H20 0.5 g
FeS04 *7H20 0.01 g
CaCl2 0.02 g
MnS04 *4H20 0.001 g
Tap water 1000.0 ml
Reaction adjusted to pH 7.4 with NaOH
Washed agar. All of the agar used was washed in distilled water 
for at least a week prior to use. Usually the wash water was poured 
off the settled agar every 12 hours and new water added.
Carbohydrate solutions. Solutions of cellobiose, glucose, mannose, 
and other carbohydrates in mineral salts solution were sterilized by 
filtering through a Millipore filter (0.45 u pore size). The solutions 
were made up in a concentration of 20 per cent (weight-volume) and the
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addition of 2.5 ml of a carbohydrate solution to 97.5 ml of mineral salts 
agar gave a final concentration of 0.5 per cent.
Acid-hydrolyzed cellulose. According to the method of Scales 
(1916) as modified by Sarkaria and Fazal-Ud-Din (1933), 100 ml of concen­
trated sulfuric acid were added cautiously to 60 ml of water in a 
two-liter Erlenmeyer flask. When cooled to around 40° C, 5 g of 
moistened filter paper (Reeve Angel No. 202) were added a piece at a 
time. The flask was agitated continuously until the paper dissolved.
Then the flask was filled quickly with cold water to reprecipitate the 
cellulose, and allowed to stand at 5° C for an hour or two until most 
of the cellulose was floating near the top. As much liquid as possible 
was siphoned from the bottom of the flask and the remaining cellulose 
suspension was washed repeatedly with water by centrifugation in 200 
ml cups on an International Centrifuge (Size 1, Model C). When most of 
the acid was washed out, the cellulose suspension was neutralized with 
NaOH, placed in a plastic container, and stored in the refrigerator.
The final volume was left at about 200 ml.
Water-insoluble dextrin. Fuller and Norman's (1942) water- y
insoluble dextrin was prepared as follows:
a) A large mortar and pestle and about 100 ml of 72 per cent 
sulfuric acid were chilled in the refrigerator for several hours.
b) When ready for use, the mortar was placed in crushed ice.
About 20 g of Whatman cellulose powder were added slowly to about 80 to 
100 ml of the sulfuric acid. The mixture was kneaded carefully and the 
temperature was not allowed to rise above 10 to 12° C at this time.
When the cellulose was fully dispersed, the solution was allowed to 
stand in the ice water for 1 to 1.5 hours. The maximum length of time
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permitted in this step of the procedure was about four hours at which 
time the minimum mean size of the water-insoluble dextrin was reached.
A decided decrease in yield of this fraction was obtained after three 
hours.
c) The water-insoluble cellulose dextrin solution was poured into 
about 600 ml of ice water containing several pieces of ice. It was 
permitted to stand for 15 to 30 minutes.
d) The precipitated dextrin was filtered through several layers 
of fine cloth placed over a Buchner funnel.
e) The precipitate on the cloth was resuspended in water and 
filtered through a fluted filter paper. It was then washed several 
times with water to remove the acids and neutralized with alkali.
Whatman powdered cellulose. This was commercial powdered cellu­
lose designed for chromatographic work.
Liquid media
Dubos1 cellulose medium. Approximately 35 ml of Dubos1 mineral 
salts solution were placed in six-ounce oval prescription type bottles 
and, after autoclaving, a long strip of sterile filter paper was put 
into each bottle so that one end of the strip was fixed underneath the 
cap. The bottles were sloped carefully on the flat side so that the 
strips of filter paper floated on or near the surface of the medium.
Waksman and Carey * s cellulose medium. Approximately 5 ml of 
Waksman and Carey's mineral salts solution were put into test tubes 
and a strip of filter paper was added to each. The filter paper strip 
was cut long enough to protrude above the liquid level and was not 
sterilized separately as in Dubos1 medium.
35
Acid-hydrolyzed cellulose medium. For making liquid cellulose 
mineral salts medium, a one-to-seven ratio of the acid-hydrolyzed cellu­
lose suspension to Waksman and Carey's mineral salts solution was used. 
Each of the 300 ml Erlenmeyer flasks used received 50 ml of the medium.
The reaction of the medium was adjusted with NaOH to pH 7.8 before 
autoclaving to give a final reaction of pH 7.3 to 7.4. When prepared 
in this way each flask of medium usually contained from 2.0 to 5.0 mg 
of cellulose per milliliter, as determined by anthrone (cf. p. 38).
Whatman powdered cellulose medium. This medium.was used for experi­
ments in which residual cellulose was determined by direct weighing in 
Pyrex fritted-glass (Gooch) crucibles. Five grams of Whatman powdered 
cellulose were placed in a Waring Blendor with about 100 ml of Waksman 
and Carey mineral salts solution and blended about two minutes. The 
suspension was removed and the glass was rinsed with additional mineral 
solution to salvage all of the cellulose. The volume of the total 
suspension was then made up to one liter with the salts solution and 
the reaction was adjusted to pH 7.8. Each 125 ml Erlenmeyer flask used 
received 15 ml of the medium and contained approximately 75 mg of 
cellulose. After sterilization the reaction of the medium was pH 7.2 
to 7.3.
Solid media
Acid-hydrolyzed cellulose agar. The amount of cellulose produced 
by the method of Scales (1916) was sufficient to make about one liter of 
agar medium. Normally, smaller quantities of agar were made and a one- 
to-five ratio of cellulose suspension to Waksman and Carey mineral 
salts solution was used.
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The method of Tetrault (1930) was the most satisfactory procedure 
for pouring cellulose agar. First a layer of plain mineral salts agar 
was poured into petri dishes and when set, a second thin layer of cellu­
lose agar was added.
Carbohydrate agar. Appropriate amounts of the filter-sterilized 
carbohydrate solutions were added to sterile Waksman and Carey mineral 
salts agar while in a liquid state at a temperature between 40 and 45°
C.
Filter paper disc medium. Discs of filter paper (Reeve Angel No. 
202 or Whatman No. 1) were trimmed to fit into petri dishes and auto- 
claved. A layer of mineral agar was poured into a petri dish; and, 
when hardened, a disc of the sterile filter paper was placed on the 
agar surface and moistened with sterile Waksman and Carey mineral salts 
solution. Plain agar (Fuller and Norman, 1943a), cellulose agar, or 
almost any other mineral agar medium served for this purpose.
Water-insoluble dextrin agar. The water-insoluble dextrin sus­











Distilled water 1000.0 ml
Reaction pH 7.0
Herbicides
Amiben (3-amino-2,5-dichlorobenzoic acid). The commercial 23.9 
per cent formulation was sterilized by filtering through a Millipore
37
filter (0.45 u pore size). Appropriate dilutions were made in sterile 
saline as needed,
Atrazine (2-chloro-4-ethylamino-isopropylamino-s-triazine).
Powdered technical Atrazine was used as the dry material.
Banvel-D (2-methoxy-3,6-dichlorobenzoic acid). The commercial 
formulation was diluted. 1:10 to give a 4.8 per cent solution and was
sterilized by filtering through a Millipore filter.
Banvel-T (2-methoxy-3,5,6-trichlorobenzoic acid). The commercial 
formulation was diluted 1:10 to give 4.8 per cent solution and was
sterilized by filtering through a Millipore filter.
Dacthal (dimethyl-2,3,5,6-tetrachloro-terephthalate). The 
commercial 50 per cent wettable powder was used as the dry material.
Dalapon (2,2-dichloropropionic acid). A 10 per cent solution was 
prepared by adding enough water to 13.5 g of commercial Dalapon to give 
a total volume of 100 ml. A Millipore filter was used for steriliza­
tion.
Picry1 (N-(3,4-dichlorophenyl) methacrylamide). A one per cent 
stock solution of Dicryl was prepared by adding 4.2 ml of the emulsi- 
fiable concentrate to 95.8 ml of distilled water. As some of the 
Dicryl was precipitated upon the addition of water, the solution was 
stirred before removing the desired portion.
Diuron (3-(3,4-dichlorophenyl)-1,1-dimethyl urea). The commercial 
100 per cent powder was used as the dry material.
Fenac (2,3,6-trichlorophenyl acetic acid). A 16.1 per cent 
solution was sterilized by filtering through a Millipore filter. 
Appropriate dilutions were made in sterile saline solution at each use.
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Maleic hydrazide (MH-30; the diethanolamine salt of 1,2- 
dihydropyridazine-3,6-dione). The commercial formulation was sterilized 
by filtering through a Millipore filter.
Simazine (2-chloro-4,6-bis-(ethylamino)-s-triazine). Powdered 
technical Simazine was used as the dry material.
Stam F-34 (3,4-dichloro-propionanilide). The commercial 23.9 
per cent formulation was sterilized by filtering through a Millipore 
filter.
Trichlorobenzoic acid. The commercial 23.9 per cent formulation 
was sterilized by filtering through a Millipore filter.
Zytron (0-(2,4-dichlorophenyl)-0-methyl-isopropyl-phosphor“ 
amidothioate). The commercial 23.9 per cent formulation was sterilized 
by filtering through a Millipore filter.
Folex (tributyl phosphorotrithioite). The 71.2 per cent commer­
cial formulation was sterilized by filtering through a Millipore 
filter. Dilutions were made at the time of use. This chemical is 
marketed as a cotton defoliant, but was included here because it was 
the only product of this type available.
II. Analytical Methods
Anthrone determinations of total carbohydrates
The anthrone method suggested by Pelczar, Hansen, and Konetzka 
(1955) was used for the determination of total carbohydrates in liquid 
cellulose media.
Standard glucose solution. A standard glucose solution contain­
ing 200 ug of glucose per milliliter was prepared.
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Anthrone reagent. Anthrone reagent was freshly prepared for 
each set of determinations.
Photometer. A Klett-Summerson photoelectric colorimeter was used. 
Initially a 660 mu filter was used, but later a 600 mu filter which gave 
somewhat greater sensitivity was substituted.
Standardization. Graduated amounts of the standard glucose 
solution were pipetted into 16 x 150 mm Pyrex test tubes and their 
volumes adjusted to 2 ml with distilled water. To each tube 4 ml of 
anthrone reagent was added and agitated. After standing in the dark 
for 15 minutes, the intensity of the developed green to blue color was 
determined in the colorimeter. Figure 2 is a graph showing the curves 
obtained by plotting Klett-Summerson units versus glucose concentra­
tion. The apparatus was adjusted to "0" Klett-Summerson units with a 
solution of 2 ml of distilled water and 4 ml of anthrone reagent. A 
standard glucose curve was run with each set of unknown determinations 
due to the instability and variation in each batch of the reagent.
Petermination of unknown solutions. Samples to be tested were 
diluted with distilled water so that 1 ml contained between 10 and 200 
ug of carbohydrate. One milliliter of the diluted test solution was
pipetted into a 16 x 150 mm Pyrex test tube and 1 ml of distilled
water was added. To this tube 4 ml of anthrone reagent was added
rapidly with agitation. After standing in the dark for 15 minutes the
intensity of the developed color was determined in the colorimeter. 
Results were compared with the standard glucose curve to calculate 
carbohydrate concentration.
Distilled water 
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Figure 2. Standard glucose curves with anthrone reagent.
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Sumner1s dinitros alleylie acid (DNS) determination for free reducing 
sugars.
Standard glucose solution. A standard 0.1 per cent glucose solu­
tion was prepared by dissolving 100 mg of glucose in water and adjust­
ing the volume to 100 ml.
Sumner1s dinitrosalicylie acid (DNS) reagent. To 10 g of crys­
tallized phenol were added 22 ml of 10 per cent sodium hydroxide. This 
mixture was dissolved in water and the volume adjusted to 100 ml. To 
6.9 g of sodium bisulfite was added 69 ml of the alkaline phenol solution. 
A solution containing 300 ml of 4.5 per cent sodium hydroxide, 255 g of 
Rochelle salt (potassium sodium tartrate, KNaC^H^Og•411)0), and 880 ml 
of 1 per cent dinitrosalicylie acid was added to the other reagents 
and mixed.
Photometer. The Klett-Summerson instrument was used with a 540 
mu filter.
Standardization. Graduated amounts of the standard glucose solu­
tion were pipetted into Folin-Wu tubes and their volumes were adjusted 
to 1 ml with distilled water. To each tube was added 3 ml of the DNS 
reagent. The contents of the tube were mixed and the tubes were heated 
for five minutes in a boiling water bath. After the tubes were cooled 
in running tap water for three minutes, the contents were diluted to 
25 ml with distilled water and mixed. The intensity of the color 
developed was then determined in the colorimeter. As a blank, 1 ml of 
distilled water was pipetted into a Folin-Wu tube and treated as the 
other samples. A straight-line curve was obtained with this method.
Determination of unknown solutions. Five ml samples were
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taken from the culture flasks and centrifuged to throw down the cellu­
lose particles in the medium. One ml portions of the supernatant 
fluid were pipetted into Folin-Wu tubes and 3 ml of the DNS reagent 
were added and mixed. The tubes were then treated as in the standard­
ization procedure above. The amount of reducing sugar present 
was calculated by the following formula:
Reading,, o|_S.tandard x Dill o n  = cenfc lucose
Reading of Unknown 10
The use of the formula is possible because the standard glucose curve
is a straight line.
Determination of residual cellulose by weighing•in Pyrex fritted glass 
(Gooch) crucibles.
Residual cellulose in the Whatman powdered cellulose-mineral salts 
medium was determined by weighing in Fyrex fritted glass (Gooch) 
crucibles according to the method of Fahraeus (1947). The crucibles had 
a capacity of 30 ml and were of medium (M) porosity.
Procedure.
a) Acidify the sample with 12 per cent hydrochloric acid and 
pour it into the crucible attached to a filter flask.
b) Fill the crucible with acid, stir, and draw off the liquid.
c) Wash with distilled water.
d) Wash with 5 per cent ammonium hydroxide.
e) Wash with water.
f) Wash twice with 95 per cent alcohol.
' g) Wash with ether and suck dry.
h) Dry at about 105° C for two hours.
i) Cool in a desiccator over calcium chloride and weigh.
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Balance. A Sartorius "Selecta Speed, 200 g" balance was used for 
weighing the flasks.
Warburg manometry
Manometry was carried out in accordance with Umbreit, Burris, and 
Stauffer (1957) on a Precision Scientific Company "Manometricon"
Warburg apparatus. Some £>. myxococcoides cell suspensions were 
prepared according to the method of Stanier (1942a). Using a liquid 
cellulose medium similar to that used in this study, Stanier lightly 
centrifuged his liquid cultures, discarded the residual cellulose, and 
used the supernatant cell suspension in the Warburg flasks.
In this study, some preparations were tried which used the heavily 
infected residual cellulose from the growth medium. The residual cellu­
lose was washed twice in saline solution and resuspended in 0.15 M 
phosphate buffer (pH 7.4). The amount of cellulose in the suspension 
was determined byanthrone and the total nitrogen content by the Folin-
K
Farmer Micro-Kjeldahl method (Hawk, Oser, and Summerson, 1954). From
these data Qq2 (N) values were calculated. Umbreit, et al., (1957)
defined (N) as the microliters of oxygen taken up per milligram of
2
tissue nitrogen per hour.
III. Experimental Procedures
Enrichment techniques
Samples of soil containing pieces of" rotting sugar cane residue 
were taken from the Louisiana State University cane fields. Small 
amounts of this material were put into either Dubos' cellulose medium 
or Waksman and Carey's cellulose medium' and incubated at both room
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temperature (24 to 26° C) and at 30° G. When yellow patches or 
obviously decomposing areas appeared on the filter paper, portions 
were picked off with a sterile wire and inoculated into fresh medium.
By repeatedly picking and reino'culating at the earliest sign of 
growth, cultures were obtained which were only moderately contaminated.
Equally successful results for enrichments were obtained by 
sprinkling soil or small pieces of cane residue on plates of filter 
paper disc agar. Yellow patches and other decomposing areas appeared 
around the particles, and were picked onto fresh plates or inoculated 
into liquid media.
Other sources from which cellulolytic cultures were obtained 
included sawdust used as mulching, bagasse, decaying leaves, and 
garden soils.
Isolation
Plating technique. Some of the growth from filter paper, either 
in mineral salts solution or on agar plates, was picked off, macerated 
in a small amount of sterile saline or mineral salts solution, and 
streaked onto cellobiose agar, cellulose agar, glucose agar, and 
Fuller and Norman's dextrin agar. S.. myxococcoides appeared as a 
thin spreading growth on all of these media. Heavily inoculated 
strokes of the organism on dextrin agar and cellulose agar exhibited 
a halo effect as the carbon sources were attacked and destroyed. A 
small amount of the growth was picked from the advancing edge and 
inoculated onto filter paper in both liquid and solid media.
Heating and diluting method. A small amount of growth from a 
slightly contaminated culture on filter paper in mineral salts
45
solution was picked with a sterile wire loop and macerated in a small 
amount (about 2 ml) of sterile saline in a test tube. The tube was 
capped and heated in a 65° C water bath for ten minutes. Ten-fold 
serial dilutions of the heated suspension were then made in sterile 
saline. Two drops from each dilution were inoculated into a series 
of tubes of filter paper-mineral salts medium. As growth occurred on 
the filter paper, some of it was picked off, streaked onto glucose, 
dextrin, or cellobiose agar and inoculated into fresh filter paper- 
mineral salts medium. At the same time, smears were made and, after 
being stained with crystal violet or carbol fuchsin, were examined 
under the microscope.
Photography. Photomicrographs of the cultures were made with a 
Kodak Pony 135 (Model C) camera attached to an American Optical 
Company Microstar laboratory microscope equipped with a trinocular 
body. A 97X oil immersion objective lens was used in conjunction with 
a 10X ocular lens to give a total magnification of 970X.
Herbicide studies
The effects of herbicides on cellulose decomposition by £>. 
myxococcoides were studied by growing the organism in a liquid cellu- 
lose-mineral salts medium in the presence of the test agent and 
quantitatively determining the residual cellulose in the medium.
Cultures. A culture of £!. myxococcoides (ATCC No. 10010) was 
purchased from the American Type Culture Collection and used in parts 
of this study. The culture either came slightly contaminated or became 
so later. It was never purified. Another culture, apparently identical 
to S. myxococcoides was isolated and purified by the methods already
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discussed. It was designated culture nTB.n
Anthrone method. Acid-hydrolyzed cellulose-mineral salts medium 
was dispensed in 50 ml amounts into 300 ml Erlenmeyer flasks. Each 
flask received 1 ml of a sterile herbicide dilution or sterile mineral 
salts solution and was inoculated with 1 ml of an 18-to 24-hour old 
culture of the organism grown in the same medium. The flasks were 
incubated at room temperature (24 to 26° C) on a rotary shaker at 180 
rpm. At predetermined intervals, samples were withdrawn, diluted, and 
determinations of total carbohydrates were made with anthrone reagent. 
The total carbohydrate concentration of the medium in each flask was 
determined by anthrone prior to inoculation. The hydrogen ion con­
centration of each sample was determined on a Beckman pH meter (Model 
G).
Gooch crucible method. Powdered cellulose-mineral salts medium 
was dispensed in 15 ml amounts into 125 ml Erlenmeyer flasks. Dilu­
tions of the sterile herbicides were added and each flask was inoculated 
with 0.5 ml of an 18-to 24-hour old culture of the organism grown 
in the same medium. Incubation was at room temperature on a rotary 
shaker at about 205 rpm. At intervals, flasks were removed and their 
contents were filtered in Gooch crucibles as previously described.
Perfusion unit studies. Attempts were made to adapt for this 
study the soil perfusion apparatus of Temple (1951), modified from the 
techniques of Lees and Quastel (1946) and Audus (1946). The perfusion 
unit consisted of a 500 ml filter flask and the one-piece perfusion 
unit proper.
Temple (1951) described the operation of the unit as follows:
Any convenient volume of medium may be used. The per­
fusion unit is slid up or down in the rubber stopper to a
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point which gives smooth operation of the lift tube. The 
air current is indicated by the arrows (Figure 3). Liquid 
medium rises in the lift tube and in the body of the perfu­
sion unit until the level in the filter flask is low enough
to allow air to enter the lift tube. Bubbles of air and
liquid then pass up the lift tube into the substrate tube,
equalizing the pressure and allowing the medium to fall 
back into the filter flask. This exerts a mixing action on 
the medium.
Strips of cotton cheese cloth were stuffed into the substrate 
tubes of the units and the units were wrapped in paper and autoclaved 
at 121° C for 15 minutes. At the same time, the filter flasks, con­
taining 200 ml of mineral salts solution, were covered and autoclaved.
■ Sterile herbicide solutions were added to the flasks when they had 
cooled. The units were then assembled and the cheese cloth was inocu­
lated with 5 ml of a 24-hour old culture of the organism grown in 
liquid cellulose medium.
Other than visual observations of the growth on the cloth, the 
only determinations made were of the pH of the mineral salts solution 









Figure 3. Temple’s modification of the 
Lees perfusion apparatus
RESULTS A2® DISCUSSION
Isolation and purification of cultures
More than 30 cultures were easily obtained In a state of fair 
purity by the methods described <cf. p. 43)• All of these cultures 
were probably members of the genus Sporocyt ophaga» as they produced 
glistening yellow growth on filter paper and appeared microscopically 
as long, thin, flexible rods, pointed at both ends in young cultures, 
and produced microcysts«. Similar results were obtained with the 
several enrichment techniques and media employed*
Growth of the characteristic yellow organisms appeared in fromm
two to five days after inoculation of the media with soil, leaves, 
or other natural materials*
Although a culture of S. ntyxococcoldca (ATCG No° 10010) was 
purchased for comparative purposes, the only culture available for this 
study in a pure state was isolated and purified in the course of this 
study. This pure culture was initially enriched in Dubos' medium 
from decomposing sugarcane residue* After a number of transfers on 
filter paper in Waksman and Carey's mineral salts solution, a portion 
of the growth was macerated in sterile water and streaked on cello* 
blose agar. The culture did not form discrete colonies on this medium, 
but appeared as a thin, spreading growth on the surface of the agar* 
Renee, it received the designation "thin background," JL. g. "TB."
Some of this sparse growth was scraped from the surface of the 
agar and inoculated into tubes of the filter paper mineral salts medium 
where it appeared as a yellow, cellulolytlc growth at the llquld*alr
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interface. Culture TB survived innumerable transfers in this medium 
and either became contaminated or was not actually pure to begin with 
and its contaminant became more noticeable.
The contaminating organism appeared as a short rod and was tenta­
tively identified as a member of the genus Pseudomonas. This organism 
produced a water-soluble yellow-green pigment on most media.
Attempts to purify the culture on cellobiose agar met with 
little success. Initial attempts to purify the culture by the heating 
and diluting method either retained the contaminating pseudomonad 
or destroyed both organisms. Finally, two tubes of the filter paper 
mineral salts solution inoculated with a 10"3 and. a 10“^ dilution, 
respectively, of a heated (65° C for 10 minutes) culture suspension, 
were found to be free from the contaminant. One of these cultures has 
been maintained in a pure state on filter paper through many transfers.
Description and ident i f ic at ion
Culture TB was identified as j3. myxococcoides but some differences 
from the description of this species in Bergey's Manual (Breed, et al., 
1957) were noted. Culture TB was never observed to form discrete 
colonies on agar medium, but appeared as a thin, spreading growth, as 
previously described. Often, especially on older plates, the agar 
beneath and immediately around the growth became sunken. On cellulose 
and water-insoluble dextrin agars, the culture produced a halo effect 
and the agar became sunken. In cellulose liquid media, copious amounts 
of a mucilaginous material and pigment were formed. Glucose, cellobiose, 
and various forms of cellulose supported growth of the organism but 
mannose did not. Starch, mannitol, sucrose, and fructose were not
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utilized.
The culture produced glistening, yellow patches on filter paper- 
agar plates after two or three days (Figure 4). These patches became 
rather large and translucent upon prolonged incubation and darkened with 
age.
In young cultures on filter paper, culture TB appeared as long,
thin (about .4 x 2 u), flexible rods, pointed on both ends. As the
culture aged, intermediate forms appeared (cf. Hutchinson and Clayton, 
1919) and finally many spherical microcysts, approximately 1.3 u in 
diameter, were formed. The culture stained readily with crystal violet 
and carbol fuchsin. Figure 5 is a photomicrograph of the culture grown 
on filter paper.
The organism was weakly catalase-positive, aerobic, and had an
optimum growth temperature of between 25 and 30° C.
Herbicide studies
Amiben (3-amino-2,5-dichlorobenzoic acid)
Amiben is a new herbicide used experimentally in soy bean fields 
to control weeds. No definite application rates have been established. 
The effect of Amiben on j3. myxococcoides, strain TB, was determined in 
the acid-hydrolyzed cellulose medium. Under these conditions, a 
concentration of 49 ppm or less exhibited no apparent inhibition of 
the organism, while 480 ppm delayed growth and cellulolytic activity 
for about 24 hours. At 4,800 ppm, growth and cellulolytic activity 
were completely inhibited (Figure 6). One experiment was conducted on 
the effect of the herbicide on the organism growing in powdered cellulose 
medium. In this experiment the herbicide exhibited considerable
Figure 4. Sporocytophaga myxococcoides» culture "TB", on filter 
paper agar.
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Figure 5. Cells of Sporocytophaga myxococcides, culture "TB", grown 
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Figure 6. The effect of different concentrations of Amiben on 
Sporocytophaga myxococcoides, culture "TB", in acid- 
hydrolyzed cellulose medium as determined by anthrone 
reagent.
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inhibition at 240, 480, and 720 ppm after six days of incubation 
(Figure 7).
It seems unlikely that Amiben would prove detrimental to cellulo­
lytic processes in the soil,
Atrazine (2-chloro-4-ethvlamino-6-isopropvlamino-s-triazine) and 
Simazine (2-chloro-4,6-bis(ethvlamino)“S-triazine)
Atrazine, a pre- and post-emergent herbicide, and Simazine, a pre- 
emergent herbicide, are used for controlling weeds, especially in corn­
fields, Atrazine is soluble to 70 ppm and Simazine to 10 ppm in water. 
These herbicides are used effectively at rates ranging from 2 to 250 
pounds per acre (1 to 125 ppm, based on the acre furrow slice being 1 
acre of land 6 inches deep and weighing 2,000,000 pounds), They have a 
very high residual. The 250 pound rate is used in non-cropland where 
complete soil sterility is desired.
An excess of powdered Atrazine and Simazine was added to flasks 
of acid-hydrolyzed cellulose medium and residual carbohydrates were 
determined by anthrone during the growth of .S. myxococcoides (ATCC No. 
10010) . Neither of these compounds exhibited any detectable inhibition 
of the organism.
Banvel-D (2-methoxy-3.6-dichlorobenzoic acid) and Banvel-T (2- 
methoxy-3.5.6-trichlorobenzoic acid)
Banvel-D, a pre- and post-emergent herbicide, and Banvel-T, a post- 
emergent herbicide, are effective against many broadleaf and certain 
annual grassy weeds. These are new herbicides and have been used experi­
mentally at rates ranging from ,06 to 30 pounds per acre (0.03 to 15 ppm).
In acid-hydrolyzed cellulose medium, Banvel-D was not inhibitory 
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Figure 7. The effect of different concentrations of Amiben on Sporocytophaga myxococcoides, culture "TB",
after six days in powdered cellulose medium as determined by direct weighing in Gooch <£
crucibles.
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but completely Inhibitory to S. mvxococcoidefl at 960 ppm (Figure 8). 
Banvel-T showed no inhibition at 9,6 ppm but delayed cellulolytic activity 
for 2 to 3 days at 96 ppm (Figure 9)• At 960 ppm* this herbicide was 
completely Inhibitory,
The only difference between these two compounds is an additional 
chlorine atom substituted on the bensene ring of Banvel-T, As Banvel-T 
was considerably more inhibitory to the bacterium than Banvel-D, the 
additional chlorine atom must be implicated at this increased tonicity.
I d L f i z E M t  < 2,n ̂ 6  ■ i.d)
This herbicide is used like Banvel-D and -T to control broadleaf 
and annual grassy weeds, Reeonnieadsd rates of applications were not 
known but they are probably very close to those used for the other two 
similar compounds.
The Inhibition of 2,3,6-TBA shown toward S. mvxococcoldea in acid- 
hydrolysed cellulose medium was about the same as or only slightly 
greater than that of Banvel-D (Figure 8). From these data it la ap­
parent that the presence of three chlorine atoms on the benzoic acid 
ring may be more inhibitory than two, but that the position of these 
atoms plus the presence of another group (the methoxy group) has an 
effect. It would be interesting in this connection to determine the 
effect of a chlorine atom on the number 5 position of the bensoic acid 
molecule. Among these three compounds, only Banvel-T has a chlorine atom 
in that position.
gflSJEhfl.1 (dlmethyl-2.3.5.6-tetrachloro-terephthalate) as& SUsssa
<3-<3.4-dlehloroohenvl) -1.1-dimsthvl urea)
Dacthal and Diuron are pre-emergent herbicides of low solubility 
and high residual, Diuron and the very closely related Honuron
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Figure 8. The effect of different concentrations of Banvel-D, trichlorobenzoic acid and Stam F-34 on
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Figure 9. The effect of different concentrations of Banvel-T on 
Sporocytophaga myxococcoides, culture "TB", in acid- 
hydrolyzed cellulose medium as determined by anthrone 
reagent. *
(N-(4-chlorophenyl)-N1,N'-dimethyl urea) are used as "lay by" herbi­
cides in cotton at rates of application up to 50 pounds per acre (25 
ppm).
Neither Dacthal nor Diuron exhibited any inhibition of cellulolytic 
activity when added in excess to flasks of cellulose medium.
Dicryl (N-(3,4-dichlorophenyl) methacrylamide)
Dicryl is used as a post-emergent herbicide for controlling weeds 
in cotton. It is applied at the rate of 1 to 3 pounds per acre (0.5 
to 1.5 ppm). It is very slightly soluble (10 ppm) in water and thus 
far no residual effect has been noted. As some precipitate formed 
when Dicryl was placed in water, the dilutions had to be stirred before 
pipetting.
Dicryl delayed cellulolytic activity for about 24 hours at approxi­
mately 5 ppm and about 48 hours at 9 ppm. When an excess of the compound 
was added (theoretically about 14 ppm) growth of the organism and its 
cellulolytic activity were delayed for about three days (Figure 10).
Maleic hydrazide (MH-30, the diethanolamine salt of 1,2-dihydro-
pyridazine-3,6-dione)
Maleic hydrazide is a unique herbicide used for controlling weeds 
in corn and some other crops by spraying before plowing in preparation 
of the soil for planting. It is inhibitory to almost all plant life.
The ordinary rate of application is 4 pounds per acre (2 ppm) in crop­
land.
MH-30 was only mildly inhibitory to _S. myxococcoides in concentra­
tions up to nearly 200 ppm but completely inhibitory at 300 ppm 
(Figure 11). Unfortunately, the commercial MH-30 used in this study was 
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Figure 10. The effect of different concentrations of Dicryl on
Sporocytophaga myxococcoides, (ATCC No. 10010) in acid- 
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Figure 11. The effect of different concentrations of MH-30 on
Sporocytophaga tnyxococcoides, culture "TB", in acid- 
hydrolyzed cellulose medium as determined by anthrone 
reagent.
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Lembeck and Colmer, 1957) these data may not be completely accurate.
This possibility is further strengthened by the results of Daste (1952), 
who found that. 100 ppm of maleic hydrazide were strongly inhibitory to 
Cytophaga hytchinsonii. In a&y case, the usual rate of application of 
this herbicide probably would not be harmful to cellulolytic bacteria 
in nature.
Stam F-34 (3.4-dichloro-propionanilide)
Stam F-34 is another new herbicide that shows promise for use in 
controlling weeds in rice. Application rates for the herbicide have 
not been definitely established.
Stam F-34 exhibited very slight inhibition of the organism at 




Zytron is a pre- and post-emergent herbicide used experimentally 
for weed control in cotton and sugarcane. Definite application rates 
have not been established.
In both acid-hydrolyzed cellulose medium and powdered cellulose 
medium, Zytron exhibited little or no inhibition of either culture at 
a concentration of 1 ppm, but was strongly inhibitory at 2 ppm and above 
(Figure 12). A field application rate of four pounds per acre corre­
sponds roughly to 2 ppm and is a concentration often used for such a 
compound. Of the herbicides studied, Zytron appeared to be the most 
inhibitory to S. myxococcoides. and was the only compound exhibiting high 
inhibition at a commonly used field rate.
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Figure 12. The effect of different concentrations of Zytron on Sporocytophaga myxococcoides, culture "TB", os 
in both acid-hydrolyzed cellulose and powdered cellulose media as determined by anthrone reagent 

























Zytron in soil and its effects on the soil microflora as a whole, but 
the high inhibition found in this study seems to warrant further in­
vestigation of this herbicide.
Folex (tributvl phosphorotrithioite)
Folex is a cotton defoliant used to remove leaves prior to hand 
picking or machine harvesting. Application rates of approximately 0.8 
to 2.4 pounds per acre (0.4 to 1.2 ppm) are recommended by the manu­
facturer.
The defoliant was somewhat inhibitory to culture TB at 10 ppm and 
considerably so at 100 ppm and above in both the acid-hydrolyzed 
cellulose medium (Figure 13) and the powdered cellulose medium (Figure 
14) .
The recommended application rates are relatively low and no in­
formation was available concerning the persistence of this compound in 
soil. The inhibition shown in this study, however, indicated a need for 
further investigation of the product. One area of interest that might 
be explored is the microbial decomposition of leaves sprayed with Folex. 
It is possible that the residual defoliant on, or absorbed into, these 
leaves may affect the microorganisms normally decomposing the leaves.
Fenac (2.3.6-trichlorophenvl acetic acid)
Fenac is used as a pre-emergent herbicide to control Johnson grass 
seedlings and other annual grasses and broadleaf weeds in seed sugar­
cane. The agent is applied at the rate of 2 to 3 pounds per acre 
(1 to 1.5 ppm),
In both liquid media employed, Fenac was found to be strongly in­
hibitory to both S. myxococcoides cultures at concentrations greater than 
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Figure 13. The effect of different concentrations of Folex on Sporocytophaga myxococcoides, culture "TB", 
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Figure 14. The effect of different concentrations of Folex on
Sporocytophaga myxococcoides, culture "TB", in powdered 
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Figure 15. The effect of different concentrations of Fenac on
Sporocytophaga myxococcoides (ATCC No. 10010) in acid- 
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L6. The effect of different concentrations of Fenac on
Sporocytophaga myxococcoides, culture "TB", in powdered 
cellulose medium as determined by direct weighing in 
Gooch crucibles.
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of the organisms at 5 ppm and delayed growth and cellulolytic 
activity for almost 24 hours at 10 ppm. Figure 17 shows the growth 
of culture TB in acid-hydrolyzed cellulose medium containing different 
concentrations of Fenac. In the acid-hydrolyzed medium it was found 
that pH decline roughly followed the disappearance of carbohydrate 
(Figure 18). As little or no acid is formed by this organism, the pH 
change is presumed to be due to the utilization of the cation (NH£) 
moiety in Waksman and Carey*s mineral salts solution.
This same decrease in pH was observed when the organism was grown 
in the presence of Fenac on cheese cloth in the perfusion units (Figure 
19). The striking appearance of the yellow bacterial growth was accompan­
ied by a pH drop roughly in relation to the observed amount of growth.
Warburg studies of the effect of Fenac on the respiration of 
culture TB showed that, even in relatively high concentrations, the chem­
ical failed to inhibit oxygen uptake completely (Figure 20).
Although Fenac exhibited relatively high inhibition of S. 
myxococcoides, the normal field rates are so low that there seems to be 
no concern that the herbicide would be harmful to cellulolytic soil 
bacteria.
Dalapon (2,2-dichloropropionic acid)
Dalapon is used as a post-emergent herbicide for controlling 
monocotyledons in sugarcane and other crops. The rate of application 
of Dalapon is from 2 to 50 pounds per acre (1 to 25 ppm).
In both experimental media, Dalapon exhibited no inhibition of 
either £5. myxococcoides strain at normal field rates. At 500 ppm and 
above, considerable inhibition was evident (Figure 21).
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Figure 17. The growth of Sporocytophaga myxococcoides, culture "TB", 
in acid-hydrolyzed cellulose medium containing different 
concentrations of Fenac. From left to right: uninoculated
medium containing no Fenac, no Fenac, 10 ppm Fenac, 20 










25 75 1251005 0
HOURS
The effect of different concentrations of Fenac on Sporocytophaga myxococcoides
(ATCC No. 10010) in acid-hydrolyzed cellulose medium as determined by pH changes. M
Figure 19. The effect of different concentrations of Fenac on 
Sporocytophaga myxococcoides, culture "TB", growing 
on cotton cheese cloth in Temple's modification of 
the Lees perfusion apparatus. From left to right: 
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Figure 20. The effect of Fenac and Dalapon on oxygen uptake by 
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Figure 21. The effect of different concentrations of Dalapon on Sporocytophaga myxococcoides, culture 
"TB", in both acid-hydrolyzed cellulose and powdered cellulose media as determined by 

















Manometric determinations showed that only very high concentra­
tions interfered seriously with the respiration of the organism 
(Figure 20) .
The data show that no detrimental effects on cellulolytic bacteria 
are likely by the use of Dalapon in the field.
Dalapon-Fenac in combination
Field tests have been conducted using Dalapon and Fenac together 
as weed control agents. Stamper (1961) found that when used together 
the herbicides were more effective in controlling weeds in toto, but 
the pre-emergent effectiveness of fenac was reduced. No definite ex­
planation has been found for this phenomenon.
Mayeux (1961) reported that combinations of the two herbicides 
were less inhibitory of nitrite-oxidizing bacteria than was the same 
level of Fenac alone. In this work, 300 ppm Fenac and various levels 
of Dalapon were added to liquid medium in soil perfusion units and this 
mixture was allowed to stand overnight before inoculating the sterile 
soil with the organisms and starting up the apparatus.
Experiments were set up in powdered cellulose medium wherein com­
binations of the herbicides were (i) added simultaneously at the time 
of inoculation with culture TB, (ii) placed in the culture medium 24 
hours before inoculation, (iii) incubated in a test tube together 24 
hours before being added to the culture medium and the medium inocu­
lated, and (iv) filtered through a Millipore filter after 24 hours of 
incubation together in a test tube. In the latter case, both::the 
filtrate and the sediment were used. The same amount (0.29 ml) of 
clear filtrate was used as was used of the unfiltered mixtures of 
herbicides. The filter pad was washed in 2.5 ml of sterile water to
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recover the sediment, and 0-5 ml of the resultant suspension was dis­
pensed into each of the four flasks. Results of these experiments are 
shown in Figures 22 and 23.
When clear solutions of Dalapon and Fenac were placed in a test 
tube together, a small amount of milky precipitate appeared, attesting 
to an interaction between some components of the chemicals. The data 
show that the combination of herbicides was more inhibitory of culture 
TB than either herbicide alone.
Incubation of Fenac and Dalapon together before placing them in 
the culture medium brought about a slight decrease in inhibition. The 
clear filtrate from this mixture was much less inhibitory than either 
the unincubated combination or the incubated mixture. The small amount 
of sediment washed from the filter pad exhibited some inhibition of the 
organism. The data seem to indicate that at least one of the actively 
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Figure 22. The effect of combinations of Fenac and Dalapon on Sporocytophaga myxococcoides, culture 
"TB", in powdered cellulose medium as determined by direct weighing in Gooch crucibles. 
A) 10 ppm Fenac, B) 667 ppm Dalapon, C) 10 ppm Fenac and 667 ppm Dalapon added to the 
culture medium at the time of inoculation, D) Both herbicides incubated together in a 
test tube for 24 hours before being added to the culture medium at the time of inocula­



















II 20 PPM FENAC














_ _r> ■ ■ 
■
y . % 5
48
^  BOTH* NO INCUBATION 
BOTH* INCUBATED 





Figure 23. The effect of combinations of Fenac and Dalapon on
Sporocytophaga myxococcoides, culture "TB", in powdered 
cellulose medium as determined by direct weighing in 
Gooch crucibles .
SUMMARY
1. Sporocytophaga was found to be abundant in local sugarcane 
soil and in decaying vegetative matter. Members of the genus were 
obtained easily in relatively pure cultures by enrichment in filter 
paper-mineral salts media.
2. The purification of Sporocytophaga myxococcoides was very 
difficult. One pure culture was obtained from a suspension of cells 
from an impure culture by heating (65° C for 10 minutes) and diluting 
(10“3 and 10“4) .
3. Culture "TB", obtained in pure culture, was identified as 
myxococcoides but differed from the description of this species by
not forming discrete colonies on agar media.
4. Determinations of total carbohydrates by anthrone reagent 
were used for quantitatively measuring residual acid-hydrolyzed 
cellulose in liquid cultures.
5. Gooch Pyrex fritted-glass crucibles (medium porosity) were 
used for the determination of residual Whatman powdered cellulose in 
liquid cultures.
i
6. Four herbicides of low solubility (Atrazine, Simazine, 
Dacthal, Diuron) were not inhibitory to £3. myxococcoides when added 
in excess to cellulose liquid media.
7. Amiben was only mildly inhibitory to the organism at 48 ppm, 
but considerably so at higher concentrations.
8. Banvel-T delayed the cellulolytic activity of the bacterium 
for about two days at 96 ppm while the closely related compounds,
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Banvel-D and trichlorobenzoic acid, were only mildly inhibitory at 96 
ppm and 48 ppm respectively.
9. Dicryl, soluble in water to only 10 ppm, was one of the most 
inhibitory herbicides used for this study. At approximately 5 ppm, the 
cellulolytic activity and growth of J3. myxococcoides was delayed about 
24 hours. An excess of the compound delayed growth for more than three 
days .
10. Maleic hydrazide (as MH-30) was less inhibitory to the cellu­
lose decomposing organism than had been reported in the literature.
Only mild inhibition was shown at nearly 200 ppm, while 100 ppm had 
been reported to be strongly inhibitory to Cytophaga. This discrepancy 
may be accounted for by the partial deterioration of the formulation 
upon aging.
11. Stam-F-34 was not inhibitory at normal field rates for such 
herbicides, but exhibited strong inhibition at about 50 ppm.
12. Zytron was the only herbicide studied that showed strong 
inhibition of growth and cellulolytic activity at a possible field 
rate of application (2 ppm).
13. Folex, a cotton defoliant, was somewhat inhibitory to the 
organism at 10 ppm, but recommended application rates (about 1 ppm) 
were low enough that permanent harm to cellulolytic soil organism 
from this compound seems doubtful.
14. Fenac showed some inhibition of growth and cellulolytic 
activity at a relatively low concentration (5 ppm), but as this com­
pound is known to be readily attacked by soil microorganisms, there 
seems to be little danger to cellulolytic bacteria by its use.
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15. Dalapon exhibited only mild inhibition at a concentration 
(500 ppm) 20 times the highest practical field rate (25 ppm).
16. Some interaction takes place between commercial Fenac and 
Dalapon. When the two herbicides were incubated together and then 
filtered, the toxicity of the clear filtrate was sharply reduced and 
the very small amount of precipitate recovered from the Millipore 
filter pad showed considerable inhibition.
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